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(57) ABSTRACT

Systems and methods are disclosed that may include recov-
ering heat from a generator to defrost the heat exchanger by
passing a heat transfer fluid from the generator through a
recovery heat exchanger that is configured to promote heat
transfer between the heat transfer fluid and a refrigerant
flowing therethrough, reducing a restriction of the refriger-
ant, reducing an airflow through the heat exchanger, and
delivering the heated refrigerant to the heat exchanger.
Systems and methods may also include recovering heat from
an exhaust of the generator to deter the formation of frozen
condensate on the outdoor heat exchanger by diverting at
least a portion of a hot exhaust fluid discharged by the
generator onto the outdoor heat exchanger.
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PROVIDING AN HVAC SYSTEM COMPRISING A GENERATOR,
A RECOVERY HEAT EXCHANGER CONNECTED IN FLUID
COMMUNICATION WITH THE GENERATOR THROUGH A

2 FIRST FLUID CIRCUIT, AN OUTDOOR HEAT EXCHANGER

302~ CONNECTED IN FLUID COMMUNICATION WITH THE

RECOVERY HEAT EXCHANGER THROUGH A SECOND FLUID

CIRCUIT, AND AN OUTDOOR EXPANSION VALVE DISPOSED
IN FLUID COMMUNICATION BETWEEN THE RECOVERY

HEAT EXCHANGER AND THE OUTDOOR HEAT EXCHANGER

Y

304 ~_| FLOWING A HEAT TRANSFER FLUID THROUGH THE RECOVERY
HEAT EXCHANGER THROUGH THE FIRST FLUID CIRCUIT

Y
FLOWING A REFRIGERANT THROUGH THE RECOVERY
306-"| HEAT EXCHANGER THROUGH THE SECOND FLUID CIRCUIT

Y

FLOWING THE HEATED REFRIGERANT
308 THROUGH THE OUTDOOR HEAT EXCHANGER
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PROVIDING AN HVAC SYSTEM COMPRISING A GENERATOR, AN OUTDOOR
HEAT EXCHANGER, AND AN EXHAUST HEAT RECOVERY SYSTEM COMPRISING
402~ ADIVERTER VALVE CONNECTED IN FLUID COMMUNICATION TO AN EXHAUST

OF THE GENERATOR AND CONFIGURED TO SELECTIVELY DIVERT HOT
EXHAUST FLUID RECEIVED FROM THE GENERATOR THROUGH AT LEAST ONE
OF AN EXHAUST VENT TUBE AND AN EXHAUST DELIVERY TUBE

'

404~ SELECTIVELY DIVERTING AT LEAST A PORTION OF THE HOT
EXHAUST FLUID THROUGH THE EXHAUST DELIVERY TUBE

!

406" DISCHARGING THE HOT EXHAUST FLUID ONTO THE OUTDOOR HEAT EXCHANGER

v

OPERATING AN OUTDOOR FAN TO PULL THE HOT EXHAUST
408" FLUID THROUGH THE OUTDOOR HEAT EXCHANGER

END

FIG. 4

502~ PROVIDING A GENERATOR COMPRISING AN INTERNAL COMBUSTION ENGINE

v

504~ PRODUCING HEAT AS A FUNCTION OF OPERATING THE INTERNAL COMBUSTION ENGINE

v

FLOWING REFRIGERANT IN A FIRST FLOW DIRECTION ASSOCIATED WITH OPERATING
506-"| THE HEAT PUMP HVAC SYSTEM IN A HEATING MODE THROUGH A HEAT EXCHANGER

v

CONTINUING TO FLOW REFRIGERANT IN THE FIRST FLOW DIRECTION THROUGH THE
HEAT EXCHANGER WHILE BOTH (1) REDUCING A REFRIGERANT FLOW RESTRICTION
508-"] AND (2) TRANSFERRING AN INCREASED AMOUNT OF HEAT PRODUCED AS A FUNCTION
OF OPERATING THE INTERNAL COMBUSTION ENGINE TO THE HEAT EXCHANGER

FIG. 5
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1
MICRO-COMBINED HEAT AND POWER
HEAT PUMP DEFROST PROCEDURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Patent Application No. 61/914,
868 filed on Dec. 11, 2013 by Hancock, entitled “Micro-
Combined Heat and Power Heat Pump Defrost Procedure,”
the disclosure of which is hereby incorporated by reference
in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

REFERENCE TO A MICROFICHE APPENDIX

Not applicable.

BACKGROUND

Heating, ventilation, and/or air conditioning (HVAC) sys-
tems may generally be used in residential and/or commercial
areas for heating and/or cooling to create comfortable tem-
peratures inside those areas. Some HVAC systems may be
heat pump systems. Heat pump systems may generally be
capable of cooling a comfort zone by operating in a cooling
mode for transferring heat from a comfort zone to an
ambient zone using a refrigeration cycle and also generally
capable of reversing the direction of refrigerant flow through
the components of the HVAC system so that heat is trans-
ferred from the ambient zone to the comfort zone, thereby
heating the comfort zone. When a heat pump system is
operated in cold ambient temperatures, condensation may
often form on an outdoor condenser coil and freeze. Accord-
ingly, it may be necessary to periodically defrost the outdoor
condenser coil. Current methods used to defrost the outdoor
condenser coil typically involve reversing the operation of
the heat pump system to operate in a cooling mode so that
heated refrigerant is delivered to the condenser coil to
defrost it. Reversing the operation of the heat pump system
may cause damage, stress, and excessive wear on the
components of the heat pump system, may reduce the
efficiency of the heat pump system, and may require the use
of backup heat sources to provide heat to an indoor climate-
controlled area.

SUMMARY

In some embodiments of the disclosure, a heat pump
heating, ventilation, and/or air conditioning (HVAC) system
is disclosed as comprising a generator comprising an inter-
nal combustion engine, the generator configured to produce
heat as a function of operating the internal combustion
engine, a heat exchanger configured to receive a refrigerant
therethrough in a first flow direction associated with opera-
tion of the heat pump in a heating mode, and a controller
configured to both (1) initiate a reduction of restriction
provided by a refrigerant restriction device and (2) initiate
transferring an increased amount of heat produced as a
function of operating the internal combustion engine to the
heat exchanger while continuing to flow refrigerant through
the heat exchanger in the first flow direction.
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In other embodiments of the disclosure, a method of
operating a heat pump heating, ventilation, and/or air con-
ditioning (HVAC) system is disclosed as comprising: pro-
viding a generator comprising an internal combustion
engine; producing heat as a function of operating the internal
combustion engine; flowing refrigerant in a first flow direc-
tion associated with operating the heat pump HVAC system
in a heating mode through a heat exchanger; and continuing
to flow refrigerant in the first flow direction through the heat
exchanger while both (1) reducing a refrigerant flow restric-
tion and (2) transferring an increased amount of heat pro-
duced as a function of operating the internal combustion
engine to the heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and the advantages thereof, reference is now made to
the following brief description, taken in connection with the
accompanying drawings and detailed description:

FIG. 1 is a schematic diagram of an HVAC system
according to an embodiment of the disclosure;

FIG. 2 is a schematic drawing of an exhaust heat recovery
system according to an embodiment of the disclosure;

FIG. 3 is a flowchart of a method of defrosting an outdoor
heat exchanger of an HVAC system according to an embodi-
ment of the disclosure;

FIG. 4 is a flowchart of a method of deterring the
formation of frozen condensate on an outdoor heat
exchanger of an HVAC system comprising an exhaust heat
recovery system according to an embodiment of the disclo-
sure; and

FIG. 5 is a flowchart of a method of operating an HVAC
system according to an embodiment of the disclosure.

DETAILED DESCRIPTION

In some cases, it may be desirable to provide an outdoor
heat exchanger defrosting system and method in an HVAC
system, such as, but not limited to a heat pump system. For
example, in HVAC systems where condensation may form
and freeze on an outdoor heat exchanger that may degrade
operation and/or efficiency of the HVAC system, it may be
desirable to quickly and efficiently eliminate frozen conden-
sate and/or frost on the outdoor heat exchanger. In some
embodiments, systems and methods are disclosed that com-
prise recovering heat expelled from an electrical power
generation device or other source of waste heat and directing
the recovered heat to the outdoor heat exchanger. In some
embodiments, the outdoor heat exchanger defrosting system
and/or method may be used in a combined heat and power
heat pump (CHPHP) system.

Referring now to FIG. 1, a schematic diagram of an
HVAC system 100 is shown according to an embodiment of
the disclosure. HVAC system 100 generally comprises an
indoor unit 102, an outdoor unit 104, and a system controller
106. In some embodiments, the HVAC system 100 may also
comprise a generator 152 and a generator fluid circuit 150
that is contained within the outdoor unit 104. The system
controller 106 may generally control operation of the indoor
unit 102 and/or the outdoor unit 104. As shown, the HVAC
system 100 is a so-called heat pump system that may be
selectively operated to implement one or more substantially
closed thermodynamic refrigeration cycles to provide a
cooling functionality and/or a heating functionality. In the
embodiment shown in FIG. 1, the outdoor unit 104 may also
comprise a recovery heat exchanger 154 and a discharge
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heat exchanger 156. Furthermore, the HVAC system 100
may also comprise a generator 152 and a generator fluid
circuit 150 that is configured to connect the generator 152 to
the recovery heat exchanger 154 and the discharge heat
exchanger 156.

Indoor unit 102 generally comprises an indoor heat
exchanger 108, an indoor fan 110, and an indoor metering
device 112. Indoor heat exchanger 108 is a plate fin heat
exchanger configured to allow heat exchange between
refrigerant carried within internal tubing of the indoor heat
exchanger 108 and fluids that contact the indoor heat
exchanger 108 but that are kept segregated from the refrig-
erant. In other embodiments, indoor heat exchanger 108 may
comprise a spine fin heat exchanger, a microchannel heat
exchanger, or any other suitable type of heat exchanger.

The indoor fan 110 is a centrifugal blower comprising a
blower housing, a blower impeller at least partially disposed
within the blower housing, and a blower motor configured to
selectively rotate the blower impeller. In other embodiments,
the indoor fan 110 may comprise a mixed-flow fan and/or
any other suitable type of fan. The indoor fan 110 is
configured as a modulating and/or variable speed fan
capable of being operated at many speeds over one or more
ranges of speeds. In other embodiments, the indoor fan 110
may be configured as a multiple speed fan capable of being
operated at a plurality of operating speeds by selectively
electrically powering different ones of multiple electromag-
netic windings of a motor of the indoor fan 110. In yet other
embodiments, the indoor fan 110 may be a single speed fan.

The indoor metering device 112 is an electronically
controlled motor driven electronic expansion valve (EEV).
In alternative embodiments, the indoor metering device 112
may comprise a thermostatic expansion valve, a capillary
tube assembly, and/or any other suitable metering device.
The indoor metering device 112 may comprise and/or be
associated with a refrigerant check valve and/or refrigerant
bypass for use when a direction of refrigerant flow through
the indoor metering device 112 is such that the indoor
metering device 112 is not intended to meter or otherwise
substantially restrict flow of the refrigerant through the
indoor metering device 112.

Outdoor unit 104 generally comprises an outdoor heat
exchanger 114, a compressor 116, an outdoor fan 118, an
outdoor metering device 120, and a reversing valve 122.
Outdoor heat exchanger 114 is a spine fin heat exchanger
configured to allow heat exchange between refrigerant car-
ried within internal passages of the outdoor heat exchanger
114 and fluids that contact the outdoor heat exchanger 114
but that are kept segregated from the refrigerant. In other
embodiments, outdoor heat exchanger 114 may comprise a
plate fin heat exchanger, a microchannel heat exchanger, or
any other suitable type of heat exchanger. It will be appre-
ciated that the outdoor heat exchanger 114 may also be
referred to as a condenser coil.

The compressor 116 is a multiple speed scroll type
compressor configured to selectively pump refrigerant at a
plurality of mass flow rates. In alternative embodiments, the
compressor 116 may comprise a modulating compressor
capable of operation over one or more speed ranges, a
reciprocating type compressor, a single speed compressor,
and/or any other suitable refrigerant compressor and/or
refrigerant pump. In some embodiments, the compressor
may comprise a compressor unloading valve 172, which
may be an actuated valve, a solenoid-controlled valve,
and/or a damper which may be connected in parallel to the
compressor 116 and configured to control the pressure
across the compressor 116. In some embodiments, the
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compressor unloading valve 172 may be configured in the
refrigerant circuit substantially parallel to the compressor
116 such that when the compressor unloading valve 172 is
open, refrigerant may travel directly from a compressor
discharge side to a compressor intake side.

The outdoor fan 118 is an axial fan comprising a fan blade
assembly and fan motor configured to selectively rotate the
fan blade assembly. In other embodiments, the outdoor fan
118 may comprise a mixed-flow fan, a centrifugal blower,
and/or any other suitable type of fan and/or blower. The
outdoor fan 118 is configured as a modulating and/or vari-
able speed fan capable of being operated at many speeds
over one or more ranges of speeds. In other embodiments,
the outdoor fan 118 may be configured as a multiple speed
fan capable of being operated at a plurality of operating
speeds by selectively electrically powering different ones of
multiple electromagnetic windings of a motor of the outdoor
fan 118. In yet other embodiments, the outdoor fan 118 may
be a single speed fan.

The outdoor metering device 120 is a thermostatic expan-
sion valve. In alternative embodiments, the outdoor meter-
ing device 120 may comprise an electronically controlled
motor driven EEV similar to indoor metering device 112, a
capillary tube assembly, and/or any other suitable metering
device. The outdoor metering device 120 may comprise
and/or be associated with a refrigerant check valve and/or
refrigerant bypass for use when a direction of refrigerant
flow through the outdoor metering device 120 is such that
the outdoor metering device 120 is not intended to meter or
otherwise substantially restrict flow of the refrigerant
through the outdoor metering device 120.

The reversing valve 122 is a so-called four-way reversing
valve. The reversing valve 122 may be selectively controlled
to alter a flow path of refrigerant in the HVAC system 100
as described in greater detail below. The reversing valve 122
may comprise an electrical solenoid or other device config-
ured to selectively move a component of the reversing valve
122 between operational positions.

In some embodiments, the outdoor unit 104 may also
comprise an additional metering device 158 coupled to the
recovery heat exchanger 154 and configured to regulate the
flow of refrigerant therethrough. The metering device 158
may comprise a fixed orifice component, for example a
capillary tube assembly. In alternative embodiments, the
metering device 158 may comprise a thermostatic expansion
valve, an electronically controlled motor driven EEV, and/or
any other suitable metering device. The metering device 158
may also comprise and/or be associated with a refrigerant
check valve and/or refrigerant bypass for use when the
direction of refrigerant flow through the metering device 158
is such that the metering device 158 is not intended to meter
or otherwise substantially restrict flow of the refrigerant
through the outdoor metering device 120. In other embodi-
ments, however, the outdoor unit 104 may not include a
metering device 158.

Still referring to FIG. 1, the system controller 106 may
generally comprise a touchscreen interface for displaying
information and for receiving user inputs. The system con-
troller 106 may display information related to the operation
of'the HVAC system 100 and may receive user inputs related
to operation of the HVAC system 100. However, the system
controller 106 may further be operable to display informa-
tion and receive user inputs tangentially and/or unrelated to
operation of the HVAC system 100. In some embodiments,
the system controller 106 may not comprise a display and
may derive all information from inputs from remote sensors
and remote configuration tools. In some embodiments, the
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system controller 106 may comprise a temperature sensor
and may further be configured to control heating and/or
cooling of zones associated with the HVAC system 100. In
some embodiments, the system controller 106 may be con-
figured as a thermostat for controlling supply of conditioned
air to zones associated with the HVAC system 100.

In some embodiments, the system controller 106 may also
selectively communicate with an indoor controller 124 of
the indoor unit 102, with an outdoor controller 126 of the
outdoor unit 104, and/or with other components of the
HVAC system 100. In some embodiments, the system
controller 106 may be configured for selective bidirectional
communication over a communication bus 128. In some
embodiments, portions of the communication bus 128 may
comprise a three-wire connection suitable for communicat-
ing messages between the system controller 106 and one or
more of the HVAC system 100 components configured for
interfacing with the communication bus 128. Still further,
the system controller 106 may be configured to selectively
communicate with HVAC system 100 components and/or
any other device 130 via a communication network 132. In
some embodiments, the communication network 132 may
comprise a telephone network, and the other device 130 may
comprise a telephone. In some embodiments, the commu-
nication network 132 may comprise the Internet, and the
other device 130 may comprise a smartphone and/or other
Internet-enabled mobile telecommunication device. In other
embodiments, the communication network 132 may also
comprise a remote server.

The indoor controller 124 may be carried by the indoor
unit 102 and may be configured to receive information
inputs, transmit information outputs, and otherwise commu-
nicate with the system controller 106, the outdoor controller
126, and/or any other device via the communication bus 128
and/or any other suitable medium of communication. In
some embodiments, the indoor controller 124 may be con-
figured to communicate with an indoor personality module
134 that may comprise information related to the identifi-
cation and/or operation of the indoor unit 102. In some
embodiments, the indoor controller 124 may be configured
to receive information related to a speed of the indoor fan
110, transmit a control output to an electric heat relay,
transmit information regarding an indoor fan 110 volumetric
flow-rate, communicate with and/or otherwise affect control
over an air cleaner 136, and communicate with an indoor
EEV controller 138. In some embodiments, the indoor
controller 124 may be configured to communicate with an
indoor fan controller 142 and/or otherwise affect control
over operation of the indoor fan 110. In some embodiments,
the indoor personality module 134 may comprise informa-
tion related to the identification and/or operation of the
indoor unit 102 and/or a position of the outdoor metering
device 120. In some embodiments, the indoor EEV control-
ler 138 may be configured to receive information regarding
temperatures and/or pressures of the refrigerant in the indoor
unit 102. More specifically, the indoor EEV controller 138
may be configured to receive information regarding tem-
peratures and pressures of refrigerant entering, exiting,
and/or within the indoor heat exchanger 108. Further, the
indoor EEV controller 138 may be configured to commu-
nicate with the indoor metering device 112 and/or otherwise
affect control over the indoor metering device 112. The
indoor EEV controller 138 may also be configured to
communicate with the outdoor metering device 120 and/or
otherwise affect control over the outdoor metering device
120.
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The outdoor controller 126 may be carried by the outdoor
unit 104 and may be configured to receive information
inputs, transmit information outputs, and otherwise commu-
nicate with the system controller 106, the indoor controller
124, and/or any other device via the communication bus 128
and/or any other suitable medium of communication. In
some embodiments, the outdoor controller 126 may be
configured to communicate with an outdoor personality
module 140 that may comprise information related to the
identification and/or operation of the outdoor unit 104. In
some embodiments, the outdoor controller 126 may be
configured to receive information related to an ambient
temperature associated with the outdoor unit 104, informa-
tion related to a temperature of the outdoor heat exchanger
114, and/or information related to refrigerant temperatures
and/or pressures of refrigerant entering, exiting, and/or
within the outdoor heat exchanger 114 and/or the compres-
sor 116. In some embodiments, the outdoor controller 126
may be configured to transmit information related to moni-
toring, communicating with, and/or otherwise affecting con-
trol over the outdoor fan 118, a compressor sump heater, a
solenoid of the reversing valve 122, a relay associated with
adjusting and/or monitoring a refrigerant charge of the
HVAC system 100, a position of the indoor metering device
112, and/or a position of the outdoor metering device 120.
The outdoor controller 126 may further be configured to
communicate with a compressor drive controller 144 that is
configured to electrically power and/or control the compres-
sor.

The HVAC system 100 is shown configured for operating
in a so-called heating mode in which heat is absorbed by a
refrigerant at the outdoor heat exchanger 114 and heat is
rejected by refrigerant at the indoor heat exchanger 108. In
some embodiments, the compressor 116 may be operated to
compress refrigerant and pump the relatively high tempera-
ture and high pressure compressed refrigerant from the
compressor 116 to the indoor heat exchanger 108 through
the reversing valve 122. From the indoor heat exchanger
108, the refrigerant may be pumped unaffected through the
indoor metering device 112 to the outdoor metering device
120 and ultimately to the outdoor heat exchanger 114. The
refrigerant may experience a pressure differential across the
outdoor metering device 120, be passed through the outdoor
heat exchanger 114, and ultimately reenter the compressor
116. As the refrigerant is passed through the outdoor heat
exchanger 114, the outdoor fan 118 may be operated to move
air into contact with the outdoor heat exchanger 114, thereby
transferring heat from the air surrounding the outdoor heat
exchanger 114 to the refrigerant. The refrigerant may there-
after re-enter the compressor 116 after passing through a
second internal passage within the reversing valve 122.

Alternatively, to operate the HVAC system 100 in a
so-called cooling mode, most generally, the roles of the
indoor heat exchanger 108 and the outdoor heat exchanger
114 are reversed as compared to their operation in the
above-described heating mode. For example, the reversing
valve 122 may be controlled to alter the flow path of the
refrigerant, the indoor metering device 112 may be enabled,
and the outdoor metering device 120 may be disabled and/or
bypassed. In cooling mode, heat is absorbed by refrigerant
at the indoor heat exchanger 108 and heat is rejected by the
refrigerant at the outdoor heat exchanger 114. As the refrig-
erant is passed through the indoor heat exchanger 108, the
indoor fan 110 may be operated to move air into contact with
the indoor heat exchanger 108, thereby transferring heat to
the refrigerant from the air surrounding the indoor heat
exchanger 108.
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Still referring to FIG. 1, the HVAC system 100 also
comprises a generator 152 and a generator fluid circuit 150.
Generator 152 may comprise a generator heat exchanger
166. The generator 152 may generally be configured to
produce and supply electricity and/or rejected heat to pro-
vide at least a portion of the energy consumption and/or heat
delivery to the indoor unit 102, the outdoor unit 104, and/or
any other component of the HVAC system 100. The gen-
erator 152 may also comprise an exhaust 170, from which
rejected heat is carried by hot exhaust fluid that is expelled
from the generator 152 as a result of combustion within the
generator 152. In some embodiments, the generator 152 may
comprise an electricity generating device comprising and/or
powered by an internal combustion engine configured to
receive and consume a fuel such as natural gas, propane,
gasoline, and/or diesel. In other embodiments, the generator
152 may comprise another electricity generating device
including, but not limited to, a fuel cell, a generator powered
by a micro-turbine, a thermal-photovoltaic system, and/or
any other suitable device capable of supplying electrical
power and/or heat. It will be appreciated that a variety of
combinations of various fuels and oxidants may also be
used. Additional examples of fuels include hydrogen, hydro-
carbons, alcohols, and biomass. Examples of oxidants
include air, oxygen, chlorine, and chlorine dioxide. A ther-
mal-photovoltaic system may convert solar energy into
electricity and/or heat and provide a portion of the power
produced to HVAC system 100 without a supply of fuel or
oxidizer.

The generator fluid circuit 150 may generally be config-
ured to selectively connect the generator heat exchanger 166
of the generator 152 in fluid communication with the recov-
ery heat exchanger 154 and the discharge heat exchanger
156, both of which are accommodated by and housed within
the outdoor unit 104, so that an acceptable heat transfer fluid
may selectively flow between the generator heat exchanger
166 and at least one of the recovery heat exchanger 154 and
the discharge heat exchanger 156. Heat energy discharged
by the generator 152 may therefore generally be carried by
the generator fluid circuit 150 from the generator heat
exchanger 166 to the recovery heat exchanger 154 and/or the
discharge heat exchanger 156. An acceptable heat transfer
fluid may comprise water, water and ethylene glycol mix-
ture, brine solution, refrigerant, oil, or any other suitable
heat transfer fluid. In some embodiments, the heat transfer
fluid may transfer heat, such as rejected heat from the
generator 152, to the refrigerant of HVAC system 100
through the recovery heat exchanger 154 and/or the dis-
charge heat exchanger 156.

The generator fluid circuit 150 also comprises a coolant
pump 160, a mixing valve 162, and a diverter valve 164, also
accommodated by and housed within the outdoor unit 104,
and selectively connected in fluid communication through a
plurality of fluid conduits. Such fluid conduits may include
pipes, tubes, and/or any other suitable conduit which may
comprise one or more of a variety of rigid or flexible
materials, e.g., polyvinyl chloride (PVC), ductile iron, steel,
cast iron, polypropylene, polyethylene, copper, hose with a
braided sheath, and/or any other suitable material. The
coolant pump 160 may generally be configured to pump the
generator heat transfer fluid into inlet tubing associated with
the generator heat exchanger 166, through the generator heat
exchanger 166, out of the generator heat exchanger 166,
through outlet tubing associated with the generator heat
exchanger 166, and subsequently to recovery heat exchanger
154 and/or discharge heat exchanger 156 prior to returning
the heat transfer fluid to the generator heat exchanger 166.
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The mixing valve 162 and/or the diverter valve 164 of the
generator fluid circuit 150 may be configured to open and
close in response to a heating or cooling mode selection by
a controller 106, 124, 126 and/or a difference between a
measured heat transfer fluid temperature and a heat transfer
fluid temperature set-point. For example, when HVAC sys-
tem 100 is in the so-called heating mode, diverter valve 164
may direct at least a portion of the heat transfer fluid to
recovery heat exchanger 154. In some embodiments, the
recovery heat exchanger 154 may be configured to promote
heat transfer between the heat transfer fluid and the refrig-
erant flowing through the recovery heat exchanger 154.
Alternatively, the diverter valve 164 may direct heat transfer
fluid along a different flow path, such as to discharge heat
exchanger 156, during operation of HVAC system 100 in a
cooling mode. In some embodiments, the discharge heat
exchanger 156 may be configured to promote heat transfer
between the heat transfer fluid flowing through the discharge
heat exchanger 156 and an airflow pulled through the
discharge heat exchanger 156 by outdoor fan 118.

In some embodiments, the generator 152 may also com-
prise a generator temperature sensor 168 configured to
measure the heat transfer fluid temperature within the gen-
erator fluid circuit 150 and/or the generator heat exchanger
166, a conduit temperature, and/or an internal temperature of
the generator 152. In some embodiments, the generator fluid
circuit 150 may comprise one or more thermostats, such as
generator circuit thermostat 174, and/or temperature sensors
to measure a plurality of temperatures associated with the
circulated heat transfer fluid. In some embodiments, if a
temperature of the heat transfer fluid associated with the
generator heat exchanger 166 drops below a selected tem-
perature set-point, the mixing valve 162 may direct a portion
of the heat transfer fluid that has received rejected heat from
the generator 152 to circulate within the generator fluid
circuit 150 and return to the generator heat exchanger 166
without passing through either the recovery heat exchanger
154 or the discharge heat exchanger 156. Alternatively, in
some embodiments, the temperature of the heat transfer fluid
returning to the generator 152 may be controlled by the
generator circuit thermostat 174 that may generally be
configured to remain closed until a predetermined return
temperature is achieved, at which time the generator circuit
thermostat 174 may modulate the flow of the heat transfer
fluid to the generator 152 to control that temperature. Thus,
at least a portion of the rejected heat from the generator 152
may be directed back to the generator heat exchanger 166,
i.e. to the generator 152, where the returning heat may help
maintain a generator 152 operating temperature and/or may
receive additional heat to reach a threshold temperature for
triggering transfer of the heat to at least one of the recovery
heat exchanger 154 and the discharge heat exchanger 156.

The rejected heat from the generator 152 may also be
utilized for an HVAC system 100 functionality to increase
the efficiency of the HVAC system 100. For example, when
the HVAC system 100 is operating in the heating mode, the
rejected heat may be directed first to the outdoor unit 104
and then transferred to the indoor unit 102 for heating a
space to which the indoor unit 102 supplies air. This benefit
may be achieved through the transfer of heat, i.e. heat
energy, from the heat transfer fluid in the generator fluid
circuit 150 to the refrigerant via the recovery heat exchanger
154. Transferring the rejected heat to the refrigerant may
therefore augment the transfer of heat occurring within
outdoor heat exchanger 114. The transfer of rejected heat
from the generator heat exchanger 166 to the refrigerant may
generally be referred to as heat recovery.
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Still referring to FIG. 1, in some embodiments, the
rejected heat from the generator 152 may also be used to
defrost the outdoor heat exchanger 114. As previously
stated, the generator 152 may be configured to discharge
heat that may result from the combustion of fuel within the
generator 152. In some embodiments, heat may be carried
by the generator heat transfer fluid and selectively expelled
from the generator 152 by the generator heat exchanger 166
through the generator fluid circuit 150 to the recovery heat
exchanger 154 and/or the discharge heat exchanger 156.
When the HVAC system 100 is configured in the heating
mode, the diverter valve 164 of the generator fluid circuit
150 may generally be configured such that the generator heat
transfer fluid from the generator heat exchanger 166 is at
least partially directed to the recovery heat exchanger 154.
The recovery heat exchanger 154 may generally be config-
ured to promote heat transfer between the generator heat
transfer fluid received from the generator heat exchanger
166 and refrigerant received from the indoor unit 102 that is
flowing through the recovery heat exchanger 154. Within the
recovery heat exchanger 154, the refrigerant may thus
absorb some of the heat from the generator heat transfer
fluid. The heated refrigerant may then pass through the
outdoor metering device 120 before entering the outdoor
heat exchanger 114. In some embodiments, the outdoor
metering device 120 may be configured in a fully open
position during a defrost mode operation. In other embodi-
ments, the outdoor metering device 120 may comprise a
refrigerant bypass, such that flow of the refrigerant through
the outdoor metering device 120 may be substantially unre-
stricted when employed in a defrost mode. In some embodi-
ments, maintaining an unrestricted flow of heated refrigerant
through the outdoor metering device 120 may maintain the
subcooling in the refrigerant. In some embodiments, meter-
ing device 158 may also be configured to provide substan-
tially no restriction to the flow of refrigerant therethrough. In
some embodiments, the heated refrigerant may supply suf-
ficient heat to the outdoor heat exchanger 114 such that the
heat may melt any frozen condensate and/or frost accumu-
lated on the outdoor heat exchanger 114. Accordingly, when
the HVAC system 100 is operated to recover heat from the
recovery heat exchanger 154 received through the generator
fluid circuit 150 to defrost the outdoor heat exchanger 114,
this may be referred to as a defrost mode of operation of the
HVAC system 100.

In some embodiments, when the HVAC system 100 is
operated in the defrost mode, the speed of the outdoor fan
118 may be reduced and/or the outdoor fan 118 may be
completely deenergized. Reducing the speed of the outdoor
fan 118 may generally reduce the amount of airflow that is
passed through the outdoor heat exchanger 114, which may
reduce the amount of heat transferred from the outdoor heat
exchanger 114 into an airflow being passed through the
outdoor heat exchanger 114. In some embodiments, reduc-
ing the speed of the outdoor fan 118 may increase a rate of
heat buildup in the refrigerant flowing through the outdoor
heat exchanger 114 that may result in quicker defrosting of
the outdoor heat exchanger 114. In some embodiments,
reducing speed of the outdoor fan 118 may increase a rate at
which heat is absorbed by the frozen condensation, which,
in turn, may decrease the amount of time required to defrost
the outdoor heat exchanger 114. While heat may continue to
be provided to an indoor climate-controlled area while the
HVAC system 100 is operated in the defrost mode, heat
delivery to the indoor area may be reduced during defrosting
of the outdoor heat exchanger 114. Accordingly, it will be
appreciated that in some embodiments, the indoor fan 110
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may be operated at a reduced airflow rate while the HVAC
system 100 is operated in the defrost mode.

The defrost mode may generally be configured to be
controlled in response to the configuration and/or demands
of'the HVAC system 100. In some embodiments, the HVAC
system 100 may be configured in a defrost mode in response
to a user input via a controller 106, 124, 126. In some
embodiments, however, the defrost mode may be employed
based on a preprogrammed schedule in a controller 106,
124, 126. For example, the defrost mode may be employed
every 3 hours. In some embodiments, the defrost mode may
be configured to be controlled in response to a measured
refrigerant temperature and/or a difference between a mea-
sured refrigerant temperature and a refrigerant temperature
set threshold. In some embodiments, the defrost mode may
be controlled in response to a measured refrigerant tempera-
ture entering the outdoor heat exchanger 114 and/or entering
the indoor heat exchanger 108. In yet other embodiments,
the defrost mode may be controlled in response to an
outdoor ambient temperature or other physical phenomenon
indicating excessive frost on the outdoor heat exchanger
114.

Operating the HVAC system 100 in a defrost mode to
recover heat through the generator fluid circuit 150 that may
generally be expelled by the generator 152 may generally
eliminate the need to reverse the refrigerant flow direction to
defrost the outdoor heat exchanger 114. As stated, reversing
the refrigerant flow direction to defrost the outdoor heat
exchanger 114 may cause damage, stress, and excessive
wear on the components of the heat pump system. Thus,
recovering heat from the generator 152 through a generator
fluid circuit 150 to defrost the outdoor heat exchanger 114
may extend the life and/or reliability of HVAC system 100
components. Additionally, recovering heat from the genera-
tor 152 may also reduce and/or eliminate the need to operate
backup heat sources, such as electrical resistance heaters, to
provide heat to an indoor climate-controlled area, since the
indoor heat exchanger 108 may continue provide heat to an
indoor climate-controlled area while operating in the defrost
mode, as opposed to the indoor heat exchanger 108 provid-
ing cooling. Thus, the outdoor heat exchanger 114 may
generally be defrosted while continuously providing heat to
an indoor climate-controlled area.

Referring now to FIG. 2, a schematic drawing of an
exhaust heat recovery system 200 is shown according to an
embodiment of the disclosure. The exhaust heat recovery
system 200 may generally be a component of the HVAC
system 100. The exhaust heat recovery system 200 may
generally be configured in a heat recovery mode to recover
the heat produced by the combustion of fuel within the
generator 152 that may otherwise be lost through discharg-
ing hot exhaust fluid into the surrounding environment.
Accordingly, heat recovered from the exhaust 170 of the
generator 152 may, in some embodiments, be used to deter
and/or delay the formation of frozen condensation on the
outdoor heat exchanger 114. In some embodiments, how-
ever, heat recovered from the exhaust 170 may also com-
prise enough heat to defrost the outdoor heat exchanger 114.
The exhaust heat recovery system 200 may comprise an
exhaust vent tube 204, a diverter valve 206, and an exhaust
delivery tube 208. The diverter valve 206 may generally be
connected in fluid communication to the exhaust 170 of the
generator 152 and configured to receive hot exhaust fluid
that may be discharged through the exhaust 170. Depending
on the configuration of the exhaust heat recovery system 200
and/or the demands of the HVAC system 100, the diverter
valve 206 may be configured to selectively divert the hot
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exhaust fluid received from the exhaust 170 of the generator
152 at least partially through the exhaust vent tube 204
and/or the exhaust delivery tube 208.

Generally, when the HVAC system 100 is in a heating
mode, the exhaust heat recovery system 200 may be oper-
ated in a heat recovery mode, such that the diverter valve
206 may divert at least a portion of the hot exhaust fluid
through the exhaust delivery tube 208. It will be appreciated
that in some embodiments, the exhaust heat recovery system
200 may be operated in a venting mode in which substan-
tially none of the hot exhaust fluid is diverted through the
exhaust delivery tube 208. Operating the exhaust heat recov-
ery system 200 in a venting mode during an HVAC system
100 heating mode may be employed when substantially no
heat from the exhaust 170 may be required by the HVAC
system 100 to deter and/or delay the formation of frost on
the outdoor heat exchanger 114. In alternative embodiments,
however, the exhaust heat recovery system 200 may always
be configured in a so-called defrost mode, so that the hot
exhaust fluid from the exhaust 170 of the generator 152 is
continuously discharged onto the outdoor heat exchanger
114 to maintain a defrosted coil and/or deter the formation
of frost on the outdoor heat exchanger 114 during a demand
for heat by the HVAC system 100. When the diverter valve
206 at least partially diverts hot exhaust fluid to the exhaust
delivery tube 208, the exhaust delivery tube 208 may be
configured to direct the hot exhaust fluid onto the outdoor
heat exchanger 114 as shown by exhaust airflow 202. In
some embodiments, the hot exhaust fluid may generally mix
with outdoor air entering the outside heat exchanger 114.
Both the hot exhaust fluid and the outdoor air may be passed
over the outdoor heat exchanger 114 by the outdoor fan 118.
Accordingly, discharging the hot exhaust fluid onto the
outdoor heat exchanger 114 may cause the heat contained in
the hot exhaust fluid to evaporate any liquid condensation
that may be condensed on the outside heat exchanger 114.
Generally, when the exhaust heat recovery system 200 is
operated to recover heat from the exhaust 170 of the
generator 152 to deter the formation of frozen condensate on
the outdoor heat exchanger 114, this may be referred to as
a heat recovery mode of operation and/or an exhaust defrost
mode or operation.

The exhaust heat recovery system 200 may generally be
configured in the defrost mode through the operation of the
diverter valve 206 in response to the configuration and/or
demands of the HVAC system 100. In some embodiments,
the diverter valve 206 may be an electronically-controlled
diverter valve and/or any other suitable electronically-con-
trolled damper. In some embodiments, the diverter valve 206
may be configured to at least partially open in response to a
selection of the defrost mode made by a user via a controller
106, 124, 126. In some embodiments, however, the defrost
mode may be employed based on a preprogrammed sched-
ule in a controller 106, 124, 126. For example, the defrost
mode may be employed every 3 hours. In some embodi-
ments, the defrost mode may be configured to be controlled
in response to a measured refrigerant temperature and/or a
difference between a measured refrigerant temperature and
a refrigerant temperature set threshold. In some embodi-
ments, the defrost mode may be controlled in response to a
measured refrigerant temperature entering the outdoor heat
exchanger 114 and/or entering the indoor heat exchanger
108. In yet other embodiments, the defrost mode may be
controlled in response to an outdoor ambient temperature
and/or a temperature of the outdoor heat exchanger 114.

Furthermore, and in some embodiments, the exhaust heat
recovery system 200 may be operated in a defrost mode and
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used in conjunction with a defrost mode of operation of the
HVAC system 100. In other words, heat discharged by the
generator 152 may be recovered simultaneously through the
generator fluid circuit 150 and the exhaust 170 of the
generator 152 and used to defrost the outdoor heat
exchanger 114 substantially as disclosed herein. When both
the exhaust heat recovery system 200 and the HVAC system
100 are configured in their respective defrost modes, how-
ever, the outdoor fan 118 may continue to operate in order
to draw the hot exhaust fluid through the outdoor heat
exchanger 114. Accordingly, in some embodiments, the
recovery of heat through both the exhaust 170 and generator
fluid circuit 150 may provide a greater amount of overall
heat recovery, which may result in a more efficient and/or
quicker defrosting of the outdoor heat exchanger 114. Gen-
erally, the exhaust heat recovery system 200 and the HVAC
system 100 may be configured in defrost mode by a con-
troller 106, 124, 126. In some embodiments, each system
100, 200 may be configured in a defrost mode separately. In
some embodiments, one system 100, 200 may be configured
in the defrost mode, wherein the second system 100, 200 is
employed in the defrost mode in response to a preconfigured
amount of time, an excessively low outdoor temperature,
and/or a refrigerant temperature.

It will be appreciated that operating the HVAC system 100
and/or the exhaust heat recovery system 200 in a defrost
mode to recover heat energy through the generator fluid
circuit 150 and/or the exhaust 170 may generally eliminate
the need to reverse the refrigerant flow direction to defrost
the outdoor heat exchanger 114. As stated, reversing the
refrigerant flow direction to defrost the outdoor heat
exchanger 114 may cause damage, stress, and excessive
wear on the components of the heat pump system. Thus,
recovering heat from the generator 152 through the genera-
tor fluid circuit 150 to defrost the outdoor heat exchanger
114 and/or through the exhaust 170 to deter the formation of
frost on the outdoor heat exchanger 114 may extend the life
and/or reliability of HVAC system 100 components. Addi-
tionally, recovering heat from the generator 152 may also
reduce and/or eliminate the need to operate backup heat
sources, such as electrical resistance heaters, to provide heat
to an indoor climate-controlled area, since the indoor heat
exchanger 108 may continue to provide heat to an indoor
climate-controlled area when operated in the defrost mode,
as opposed to the indoor heat exchanger 108 providing
cooling. Thus, the outdoor heat exchanger 114 may gener-
ally be defrosted while continuously providing heat to an
indoor climate-controlled area.

Referring now to FIG. 3, a flowchart of a method 300 of
defrosting an outdoor heat exchanger 114 of an HVAC
system 100 is shown according to an embodiment of the
disclosure. The method 300 may begin at block 302 by
providing an HVAC system comprising a generator, a recov-
ery heat exchanger connected in fluid communication with
the generator through a first fluid circuit, an outdoor heat
exchanger connected in fluid communication with the recov-
ery heat exchanger through a second fluid circuit, and an
outdoor expansion valve disposed in fluid communication
between the recovery heat exchanger and the outdoor heat
exchanger. In some embodiments, the HVAC system may
comprise an outdoor fan configured to control airflow
through the outdoor heat exchanger. The method 300 may
continue at block 304 by flowing a heat transfer fluid
through the recovery heat exchanger through the first fluid
circuit. The method 300 may continue at block 306 by
flowing a refrigerant through the recovery heat exchanger
through the second fluid circuit. In some embodiments, the
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recovery heat exchanger may be configured to promote heat
transfer between the heat transfer fluid and the refrigerant
and configured to deliver heated refrigerant to the outdoor
heat exchanger. The method 300 may conclude at block 308
by flowing the heated refrigerant through the outdoor heat
exchanger. In some embodiments, passing the heated refrig-
erant through the outdoor heat exchanger may melt frozen
condensate accumulated on the outdoor heat exchanger. In
some embodiments, the outdoor expansion valve may be
configured to provide substantially no restriction to the
refrigerant flowing between the recovery heat exchanger and
the outdoor heat exchanger. In some embodiments, the
outdoor fan may be configured to provide substantially no
airflow through the outdoor heat exchanger.

Referring now to FIG. 4, a flowchart of a method 400 of
deterring the formation of frozen condensation on an out-
door heat exchanger 114 of an HVAC system 100 compris-
ing an exhaust heat recovery system is shown according to
an embodiment of the disclosure. The method 400 may
begin at block 402 by providing an HVAC system compris-
ing a generator, an outdoor heat exchanger, and an exhaust
heat recovery system comprising a diverter valve connected
in fluid communication to an exhaust of the generator and
configured to selectively divert hot exhaust fluid received
from the generator through at least one of an exhaust vent
tube and an exhaust delivery tube. The method 400 may
continue at block 404 by selectively diverting at least a
portion of the hot exhaust fluid through the exhaust delivery
tube. The method 400 may continue at block 406 by
discharging the hot exhaust fluid onto the outdoor heat
exchanger. The method 400 may conclude at block 408 by
operating an outdoor fan to pass the hot exhaust fluid
through the outdoor heat exchanger. In some embodiments,
the exhaust heat recovery system may comprise an auxiliary
heat exchanger connected in fluid communication with the
outdoor heat exchanger and configured to (1) receive the hot
exhaust fluid from the exhaust delivery tube and (2) deliver
refrigerant to the outdoor heat exchanger. In some embodi-
ments, the auxiliary heat exchanger may be configured to
promote heat transfer between the hot exhaust fluid and the
refrigerant and configured to deliver heated refrigerant to the
outdoor heat exchanger to melt frozen condensate accumu-
lated on the outdoor heat exchanger.

Referring now to FIG. 5, a flowchart of a method 500 of
operating a heat pump heating, ventilation, and/or air con-
ditioning (HVAC) system 100 is shown according to an
embodiment of the disclosure. The method 500 may begin at
block 502 by providing a generator comprising an internal
combustion engine. The method 500 may continue at block
504 by producing heat as a function of operating the internal
combustion engine. The method 500 may continue at block
506 by flowing refrigerant in a first flow direction associated
with operating the heat pump HVAC system in a heating
mode through a heat exchanger. The method 500 may
conclude at block 508 by continuing to flow refrigerant in
the first flow direction through the heat exchanger while
both (1) reducing a refrigerant flow restriction and (2)
transferring an increased amount of heat produced as a
function of operating the internal combustion engine to the
heat exchanger.

At least one embodiment is disclosed and variations,
combinations, and/or modifications of the embodiment(s)
and/or features of the embodiment(s) made by a person
having ordinary skill in the art are within the scope of the
disclosure. Alternative embodiments that result from com-
bining, integrating, and/or omitting features of the embodi-
ment(s) are also within the scope of the disclosure. Where
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numerical ranges or limitations are expressly stated, such
express ranges or limitations should be understood to
include iterative ranges or limitations of like magnitude
falling within the expressly stated ranges or limitations (e.g.,
from about 1 to about 10 includes, 2, 3, 4, etc.; greater than
0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever
a numerical range with a lower limit, R,, and an upper limit,
R,, is disclosed, any number falling within the range is
specifically disclosed. In particular, the following numbers
within the range are specifically disclosed: R=R,+k*(R,~
R,), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent, . . ., 50 percent, 51
percent, 52 percent, . . ., 95 percent, 96 percent, 97 percent,
98 percent, 99 percent, or 100 percent. Unless otherwise
stated, the term “about” shall mean plus or minus 10 percent
of the subsequent value. Moreover, any numerical range
defined by two R numbers as defined in the above is also
specifically disclosed. Use of the term “optionally” with
respect to any element of a claim means that the element is
required, or alternatively, the element is not required, both
alternatives being within the scope of the claim. Use of
broader terms such as comprises, includes, and having
should be understood to provide support for narrower terms
such as consisting of, consisting essentially of, and com-
prised substantially of. Accordingly, the scope of protection
is not limited by the description set out above but is defined
by the claims that follow, that scope including all equiva-
lents of the subject matter of the claims. Each and every
claim is incorporated as further disclosure into the specifi-
cation and the claims are embodiment(s) of the present
invention.

What is claimed is:

1. A defrost mode for a heat pump heating, ventilation,

and/or air conditioning (HVAC) system, comprising:
a refrigerant circuit comprising a heat exchanger, wherein
the heat exchanger is configured to receive a refrigerant
in a first flow direction in the refrigerant circuit while
operating the HVAC system in a heating mode;
a generator coupled to the refrigerant circuit through a
generator fluid circuit, wherein the generator is config-
ured to produce heat as a function of operating the
generator,
a recovery heat exchanger coupled to the generator and
the heat exchanger and configured to receive at least a
portion of the heat from the generator through the
generator fluid circuit;
an exhaust vent in fluid communication with an exhaust of
the generator and configured to receive heated exhaust
air from the generator,
a controller coupled to each of the generator and the
HVAC, wherein the controller is configured to:
operate the HVAC system in the defrost mode, wherein
the defrost mode comprises operating the HVAC
system in the heating mode;

selectively divert the heated exhaust air from the gen-
erator to the heat exchanger;

provide at least the portion of the heat from the gen-
erator to the recovery heat exchanger through the
generator fluid circuit while reducing a restriction of
flow of the refrigerant provided by a refrigerant
restriction device to the heat exchanger; and

reduce an airflow across the heat exchanger to increase
a rate of heat transfer from the refrigerant to a frozen
condensate in contact with the heat exchanger while
continually providing heat to an indoor area condi-
tioned by the HVAC system.
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2. The HVAC system of claim 1, wherein the recovery
heat exchanger is configured to receive the refrigerant
therethrough in the first flow direction.

3. The HVAC system of claim 1, wherein the recovery
heat exchanger is configured to promote heat transfer
between a heat transfer fluid flowing through the generator
fluid circuit and the refrigerant flowing through the refrig-
erant circuit.

4. The HVAC system of claim 1, wherein the recovery
heat exchanger is configured to increase a temperature of the
refrigerant delivered to the heat exchanger.

5. The HVAC system of claim 1, wherein the refrigerant
restriction device is disposed in fluid communication
between the recovery heat exchanger and the heat
exchanger.

6. The HVAC system of claim 1, wherein the controller is
configured to reduce a speed of a fan configured to provide
an airflow through the heat exchanger.

7. The HVAC system of claim 1, further comprising a
diverter configured to selectively divert exhaust fluid pro-
duced as a function of operating the generator into contact
with the heat exchanger.

8. The HVAC system of claim 1, wherein the controller
initiates the defrost mode in response to a preprogrammed
schedule in the controller.

9. The HVAC system of claim 1, wherein the controller
initiates the defrost mode in response to a difference between
a measured refrigerant temperature and a refrigerant tem-
perature threshold.

10. The HVAC system of claim 1, wherein the controller
initiates the defrost mode in response to a condition indica-
tive of excessive frost on the heat exchanger.

11. A method of operating a heat pump heating, ventila-
tion, and/or air conditioning (HVAC) system in a defrost
mode, comprising:

providing a refrigerant circuit comprising a heat

exchanger, wherein the heat exchanger is configured to
receive a refrigerant in a first flow direction in the
refrigerant circuit while operating the HVAC system in
a heating mode;

coupling a generator to the refrigerant circuit through a

generator fluid circuit;

providing an exhaust vent in fluid communication with an

exhaust of the generator and configured to receive
heated exhaust air from the generator;

producing heat as a function of operating the generator;

operating the HVAC system in the heating mode by

flowing a refrigerant in a first flow direction through a
heat exchanger; and
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operating the HVAC system in the defrost mode, wherein
the defrost mode comprises:

operating the HVAC system in the heating mode;

selectively diverting the heated exhaust air from the
generator to the heat exchanger; and

providing at least the portion of the heat from the
generator to a recovery heat exchanger while reduc-
ing a restriction of flow of the refrigerant provided
by a refrigerant restriction device to the heat
exchanger; and

reducing an airflow across the heat exchanger to increase
a rate of heat transfer from the refrigerant to a frozen
condensate in contact with the heat exchanger while
continually providing heat to an indoor area condi-
tioned by the HVAC system.

12. The method of claim 11, further comprising providing
the recovery heat exchanger connected in fluid communi-
cation with the heat exchanger through the refrigerant circuit
and connected in fluid communication with the generator
through the generator fluid circuit.

13. The method of claim 12, further comprising receiving
the refrigerant through the refrigerant circuit in the first flow
direction.

14. The method of claim 13, further comprising receiving
a heat transfer fluid from the generator through the generator
fluid circuit.

15. The method of claim 14, wherein the recovery heat
exchanger is configured to promote heat transfer between
the heat transfer fluid flowing through the generator fluid
circuit and the refrigerant flowing through the refrigerant
circuit.

16. The method of claim 11, wherein the recovery heat
exchanger is configured to increase a temperature of the
refrigerant delivered to the heat exchanger.

17. The method of claim 11, wherein reducing the restric-
tion of flow of the refrigerant is accomplished through a
refrigerant restriction device that is disposed in fluid com-
munication between the recovery heat exchanger and the
heat exchanger.

18. The method of claim 11, further comprising control-
ling an outdoor fan to reduce an airflow through the heat
exchanger.

19. The method of claim 18, further comprising selec-
tively operating the outdoor fan to pass at least a portion of
the heated exhaust air over the heat exchanger.
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